Otitic Barotrauma
The condition known in this country as 'otitic barotrauma' results from a failure to equate the pressure in the middle ear cavity with that of the external atmosphere and is characterized by pain in the affected ear, deafness and, occasionally, vertigo. It can occur in flight, in the decompression chamber or during sea-diving. McGibbon (1947a, b) , who during his service in the RAF developed a great interest in the condition, preferred the name 'aviation pressure deafness'; in the United States it is termed 'aero-otitis-media'.
That flight could cause discomfort and other ill-effects in the ears has been known since man became airborne; the balloonist J A C Charles, who on December 1, 1783, became the first man to achieve flight in a hydrogen balloon, complained of severe pain in his right ear during descent.
By the beginning of the twentieth century it was realized that ascent and descent in aircraft could cause pain and damage in the middle ear; despite a general understanding as to the cause, the condition attracted little attention. The rapid development of aviation in the 1914-18 war stimulated interest in the aural problems of flying, though otological work was largely centred on vestibular function. Although Scott (1919) recorded typical cases with pressure effects in the ears, the middle ear was largely ignored, but it was agreed that candidates for flying service should be accepted only if the eustachian tubes could be easily inflated. Despite the growth of commercial and military flying no real investigation was made until 1937, when Armstrong & Heim published their paper on the effect of flight on the middle ear.
During the 1939-45 war otitic barotrauma became a frequent and disabling occurrence in operational flying and an intensive study of the condition in the Royal Air Force was made by Dickson, McGibbon & Campbell (1947) .
With the introduction of jet aircraft after the war, with very high rates of descent and with cabin-pressurized systems, interest was again revived (Dickson & King 1956 ). While pistonengined aircraft are still much in service, jet aircraft abound and we seem to have achieved a relatively stable incidence of otitic barotrauma.
This was not always so; indeed, during the period of transition from piston to jet aircraft the number of cases increased alarmingly. Dickson and myself in 1954 showed that in aircrew in jet fighters the incidence was three times greater than for those employed in piston-engined aircraft, while for those under training in jet fighters the incidence was six and a half times as great.
With more vigorous medical selection aimed at sifting out those with badly scarred tympanic membranes and low-grade nasal disease and with an improved training programme, otitic barotrauma is not the problem it once was, though it is still a hazard to the flying man.
The purpose of this paper is to discuss otitic barotrauma and its relation to the conductive hearing loss which may result from it. I must emphasize that deafness is part and parcel of the acute onset of the syndrome and is the result of bleeding and/or effusion into the middle ear. Deafness can also be subchronic when it may persist from failure to drain fluid from the ear or from failure adequately to ventilate the middle ear via the tube. Both these conditions are recoverable and will depend on how quickly treatment is started and how efficacious it is. Chronic conductive deafness is the result of damage to the middle ear contents from the barotrauma and will be caused by adhesions from the organization of exudate or blood, ossicular dislocation or rupture of the tympanic membrane with persisting perforation.
To understand the production of these lesions it is necessary to consider the mechanism involved in the production of otitic barotrauma. Two factors are involved: the expansion and contraction of gases under alteration of atmospheric pressure and the collapsible nature of the proximal two-thirds of the eustachian tube. During ascent, with the decrease in atmospheric pressure the gas in the middle ear expands and passively leaks down the eustachian tube. Discomfort in ascent is rare and is almost always due to gross scarring of the tympanic membrane. In descent, the air or oxygen in the middle ear reduces in volume as the descent towards ground level continues. At the same time the increasing atmospheric pressure in the nasopharynx is compressing the proximal, musculocartilaginous portion of the tube. If descent continues with the tube unopened, the pressure in the nasopharynx will reach a level where the tubal dilator muscles are not strong enough to overcome it and to open the tube. Further descent beyond this level will effectively lock the tube and then barotrauma in the middle ear will be inevitable. The signs and symptoms all follow on the rapid reduction in volume of the gas in the middle ear and the consequent suction effect on the tympanic and middle ear membrane and the ossicles, while the severity of the lesions sustained will depend on the rate of descent and therefore on the rate of pressure change. The degree of damage ultimately sustained will also depend to some extent on the state of the tympanic membrane before the onset of barotrauma.
The normal tube can give rise to barotrauma when the subject is preoccupied, asleep, ignorant of the technique of opening the tube by swallowing or by Valsalva's manoeuvre or is heavily sedated. Otitic barotrauma is relatively common in patients travelling by air under heavy sedation.
Where the lumen of the tube is narrowed by mucosal (edema secondary to the common cold, sinusitis, allergy or other affection in the nose, the rate of gaseous exchange along the tube will be reduced and the subject will be predisposed to acute tubal block during descent.
Acute otitic barotrauma, then, will result from tubal block induced by an increasing atmospheric pressure, giving rise to negative pressure effects in the middle ear distal to the isthmus of the tube. There is either pain which may be excruciating or a sensation of dullness in the ear, proceeding to pain which increases as the descent continues. Deafness, conductive in nature, will result from interstitial hkmorrhage as well as from effusion or heemorrhage in the middle ear.
The pressure difference may be so great that both vertigo and perceptive deafness may occur in the acute stage. Additionally the tympanic membrane may rupture, depending on its own robustness and the rate of descent. When this occurs the pain will reach a climax and go as soon as tearing has occurred. There may be free bleeding from the ear. This is not to say that a very fast rate of descent will of necessity rupture the membrane; indeed, many thinly-healed or scarred tympanic membranes have torn in a slow rate of descent and with a slow rate of pressure change.
On inspection, the drumhead will be sucked in and the handle of the malleus foreshortened. Signs of vascular disturbance will vary; the early case shows a dull blush extending fanwise from the umbo towards the attic: a more severe lesion will be indicated by a retracted, plum-coloured membrane. With a severe lesion, blood blisters may extend from the surface of the drumhead into the adjacent meatal skin. There may be free blood in the meatus, either from a ruptured blood blister or tear of the membrane. Occasionally the membrane may show scattered interstitial hemorrhage, either from an aborted barotrauma or as the end-process of a fairly severe lesion which is recovering.
Where there has been a delay in starting treatment, the middle ear may show ambercoloured fluid, often with a hair line and collections of air bubblesan appearance similar to secretory otitis media.
Delayed and recurrent barotrauma: Melvill Jones (1958 Jones ( , 1959 has investigated the problem of delayed otitic barotrauma but it was originally reported by Comroe et al. in 1945. Here the subject flies with no symptoms referable to pressure change: several hours later he may be awakened from sleep by earache or may awake in the morning to find he is deaf and has a feeling of fullness in the ears. This delayed form usually occurs after long flights, during which the breathing of 100% oxygen has resulted in the middle ear containing a much raised tension of that gas. With partial occlusion of the tube and an absence of active inflation, the rapid absorption of oxygen via the middle ear mucosa results in a significant change in the pressure differential. Melvill Jones has shown that oxygen in the middle ear has twice the rate of absorption of air.
One attack of barotrauma predisposes to another and it is likely that two factors are at work here: (1) The original predisposing factor may itself be chronic and not adequately cleared by treatment.
(2) Interstitial bleeding and oedema in the tubal mucosa may result in a further decrease in the size of the tubal lumen and hence predispose to further attacks. Certain it is that, despite apparent cure and proper patency of the tubes, a proportion of cases do get recurrent barotrauma on return to flying. The management of these cases is not easy and proper resolution may sometimes be achieved only by a prolonged rest from flying.
Principles ofTreatment
Apart from prevention of barotrauma, treatment revolves round the relief of pain and ventilation of the middle ear.
Prevention, in the Service, consists of: (1) Careful selection of entrants for flying service. (2) Teaching trainee aircrew the technique of inflating the ear and the mechanism of barotrauma. (3) The use of decompression chamber testing. (4) The temporary grounding of aircrew with colds.
Pain is rarely severe enough to warrant analgesics: indeed, if pain lasts after flight or increases, it is indicative of otitis media. (1944), can be helpful in the early case and in practised hands but is not recommended for general use.
As the precipitating factor is so commonly found in the nose a thorough search must be made for any abnormality in this situation, which should be treated on its merits. It has been shown by Dickson and myself (1956) that, where surgical treatment is indicated and carried out, a high rate of functional recovery can be expected.
Deafness
In terms of hearing loss, the long-term effects of a single or a repeated episode of otitic barotrauma may be considered under the following headings:
(1) Conductive deafness alone. (2) Persistence of perforation of traumatic originoften associated with conductive deafness. (3) Perceptive deafness.
Chronic conductive deafness alone may be due to the persistence of effusion or blood in the middle ear; ossicular dislocation; ossicular fixation; or to chronic adhesive processes.
When the tympanic membrane is ruptured, the subsequent hearing loss will depend on whether or not the open middle ear becomes infected and on the degree of trauma prior to rupture of the tympanum. Thus, apart from possible loss of hearing due to perforation, there may be any degree of associated ossicular damage, fixation or necrosis.
In a very few cases perceptive deafness occurs and persists: this is rare but is worthy of note. I have seen only one case while Dickson (1965, personal communication) has recorded 5 cases in which perceptive deafness resulted from aural barotrauma sustained in a power dive. The following case is an example:
Case 1 A 28-year-old pilot suffered barotrauma in a power dive which ended in a spin as he lost consciousness from pain. He recovered consciousness several thousand feet nearer the ground and landed successfully. Both ears were perceptively deaf, the right more than the left; caloric reactions showed no abnormality. He came under my care two to three years ago, with the hearing unchanged apart from some added loss; he has required a hearing aid for use at conferences. The cause of this is unknown and the origin of the hearing loss must be conjectured (Fig 1) .
Rupture oftympanic membrane
In the past fifteen years I have been concerned with or had the management of some 541 patients with otitic barotrauma who, because of persistence or recurrence, had been referred for treatment. Despite the common oetiology, only 47 of these suffered sinus barotrauma at the same time. The series represents a total of 773 ears: bilateral barotrauma occurred in about two-thirds of cases, a not unexpected proportion. Of the total, 33 ears suffered rupture of the tympanum during the barotrauma and in no case was this bilateral. Rupture of the tympanic membrane, while dramatic, is relatively uncommon, occurring in 6 % of cases and only 4 '25 % of ears involved. Three of these men were suffering a second rupture of the membrane at the time when they were seen, though these 3 were all returned to flying. Seven of the total failed to heal and were ultimately grounded. The influence of previous otitis media is shown by a further 7 who had a history of otitis media with a likely subsequent weakness in the membrane. However, all these healed spontaneously, though one was grounded because of excessive scarring. Tympanoplasty I have been through the records of 668 patients referred to me in the past eight years for an opinion regarding the feasibility of tympanoplasty. Sixty-five, nearly 1 in 10, possessed a tympanic membrane ruptured by some form of trauma and only 12, not quite 2% of the total, were due to otitic barotrauma. It should be stressed that these were longstanding cases.
The persistence of a tympanic perforation depends largely on its site and size. The typical perforation from barotrauma occurs in the anterior segment in the portion of the membrane adjacent to the tube; but a weak scar anywhere will tear in preference to tougher membrane though, as shown above, this does not particularly hinder later healing. A fast, unrelieved rate of pressure change in descent may result in a wide tear or in complete avulsion of the membrane from the annulus: spontaneous closure is then unlikely and recourse to some form of tympanoplasty may be necessary; in an uncomplicated case it will probably be one of the simpler varieties.
Whatever grafting material is used, whether it is skin ormy personal preferencevein autograft or homograft tissue (King 1964 (King , 1965 , the surgical result must conform to physiological requirements if the patient is to return to active flying: ideally a year should elapse, after operation, before a decision is made and the new tympanic membrane should look reasonably normal, move on inflation and the hearing should be in the practical limits required for aviation. Before a return to flying is allowed, decompression chamber testing is necessary to ensure that the functional criteria are met.
A review of those cases in which tympanoplasty was carried out shows the wisdom of not allowing marked pressure changes to act on the new membrane too soon. Ten cases have had some form of tympanoplastic procedure with successful closure of the defect, but in 2, both very active aircrew, the resumption offlight or decompression chamber testing too soon after surgery resulted in tearing of the grafted membrane; from whatever cause, secondary repair was not successful in either. It pays to allow time for the ear to settle, as a normal category was restored in 7 of the remaining 8 and resumption of flying caused no difficulty.
Conductive Deafness Alone
Deafness from causes within the middle ear has been described above. There is no problem when it is due to persistent effusion or altered blood in the middle earthis is easily managed by aspiration, which removes the fluid, ventilates the middle ear and restores the hearing. Chronic conductive deafness is not common; of 773 ears only 3 (04 Y%) had loss of a degree sufficient to ground the patient, either alone or when taken into consideration with marked tympanic scarring.
I have checked through the histories of 459 cases referred in a period of eight years with a diagnosis of conductive deafness. In this series 553 ears were opened by tympanotomy with a view to some middle ear procedure. Of them all, only 3 cases were attributable to barotraumain fact, a similar proportion to those occurring in the barotrauma series. In both instances the lesion can be classed as rare. I have long believed that lasting deafness of this origin was unusual but this is the first time I have worked out the incidence. In the same series there were 29 cases (29 ears) with ossicular dislocation from other types of trauma, while 36 cases (38 ears) were treated for adhesive deafness.
Nevertheless, there have been other cases with histories ofotitic barotrauma where tympanotomy has shown typical otosclerosis with no other abnormal findings; these cases have not been included as attributable to barotrauma.
Three histories representing the type of lesion mentioned are given: Case 2 Ossicular Fixation Seen 1964 with deafness in left ear for five years, following barotrauma. Tympanotomy showed a mobile stapes but a fixed incus. The incus was mobilized and good mobility achieved but no hearing gain resulted (Fig 2) . It was believed to be otosclerosis, but tympanotomy on each side showed a mobile stapes invested in adhesions, which were cleared. A useful hearing gain was achieved in the left ear but not in the right (Fig 3) . when tympanotomy showed the incus dislocated off the stapes and held fixed to the medial wall of the middle ear by a stout adhesion. Hearing has been normal since division of adhesion and reconstitution of incudostapedial joint (Fig 4) . (1) Persisting conductive deafness from barotrauma, of a degree to cause disability or to indicate treatment, is rare.
(2) Rupture of the tympanic membrane is uncommon and when it occurs will probably heal spontaneously with no loss of hearing. Secondary infection may prejudice the issue. Where repair is undertaken an adequate time must be allowed for the ear to recover before flying is resumed.
(3) Despite severe trauma to the middle ear in the acute phase, early treatment will restore the hearing in practically every case, even when there is a past history of otitis media.
(4) The proportion of cases attending hospital who recovered to full functional normality is highof the order of 70% or more. In those where tubal function is not sufficient to permit rapid gaseous exchange between the nasopharynx and the middle ear, there must be adequate gaseous exchange, as the hearing is essentially normal.
Mr I B Thorburn (Blackpool), referring to Wing Commander King's paper on otitic barotrauma, said that the grammatical purist might quibble over his choice of 'otitic barotrauma' as a title of his paper and prefer 'barotraumatic otitis media.' Most Members of the Section were inclined to equate their occasional cases of barotraumatic otitis media with the much more common secretory otitis media. These two conditions resembled one another and they probably had eustachian tubal dysfunction as a common mtiological factor. However, there was a signi-
